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(57) B?*J] 

TV lRrWC2 0 Mm&±[Hl5fi6fijSST?, III-VK 




(2) #S 2003-527296 

[lf**l] -^-f^nmu^ ho-^X • T^^p b pS© (Al, Ga, In 
) NJ#?/K 

[|f**2] 5cm 2 ^i^KrffiffiSrW-rsW^lSEftO^^^o 
[»** 3 ] 5 mrag±©ft $ ^iTrSIf** 2 &M<D7$$/U 0 

[If** 4] ^i/- K3B*d>bJ«ftb/tffll*Jl[Ha*©3j?^/u 0 

[if ** 5 ] vpeiuo -cj** bfcif ** i taictf) # 

[19**6] K/M^bfifcAU 1 cm^X.5ff#^ lmrn 

^stsi^^L, mnm-mm.mx\ 1 cm 2 &/-c<9 1 o 7 ^m<D^<o± 
mxm&m&ft-rzm ** 1 ih«c^#^>k 

[If** 7 ] 4 mm£ig;i;5ft£ ^"T^lf** 1 fE^^^^/K 
[|f**8] 1 0 mm $^ft 5lf** liaic^#^/K 

[|f**9] Jtmis— Kil$**»e>J*fiUfeaJf9/u-c*>oT, tfflB#9/u 
^mifav- K*S*J: 9 *#^«rffi«^£Wi-5lf** l E*te>#*/u 0 

[|f**10] c-ifttK a-tt, m-Wu r * 6 S3* $ tl 

**lfE^£>*K*/u 0 

[lf**l 1 ] c -ttKBaiRjSfrfcv'— K^&^N-ffiXtt (Al, G a 
, I n) -®-e^cSLfe»*^l|E«OJK^/K 

[if ** 12] n -m<Dtm^ 1 fE®£)#?/K 

[|f**l 3] ^4mRX*¥;\s^~V&frt>t£Z>mfrbm$iiSirhtz. Y—'* 
> HSf K-^JS^fcHf ** 1 fSic^^ ^/K 

if**i 3ia«©3j<!>/K 

[If** 16] lorn' fcfc ^1E15 ~#J 5 E 1 9 ©iltfi 

J; o\z. K-:^S£;ftfclf**lfEiI£o^<7/K 
[|f**17] 1cm fefc!9^5E 1 7~^1 E 1 9©11M 



(3) 2003-5272 

[fs*jg 20] mm k— haro^tt^JH^ifeaRSrffl^-r k-s^s 

[IS*^2 1] 1cm fcfc 19 1 E 1 5~*\J 1 E 1 9 <D^?fiIE?LMf 2" 

K-^&Jg^tL festal 8IE«OsJ?^/K 
[fS^JS 2 2] lem 3 fcfc 0I^)5E l 7 l E l 9 WiijfijETL^SSr 

lSaf^tf^/h, 
j§2 3ia<ft<©#^/K 

«d» e> fc s e>aw* 3 nyt is*« 2 3 um<d # * 

[gffjfcj£2 6] lE3i^f^ (i^f L<ll, lE6£JUt£>) oh 
[|f*^2 7 ] ^^-C^V^>- K^^Jb^^LfcIS^^llSgc^^'?/^ 

o 

^mtmw.^^^mt(Dmi^mm^-r^ (ai, Ga, in) n# 

[ft^I 3 0 ] gfrlE'f raatt, vpe, cvd, pvd, MBE, MOV 



(4) 



2003-527296 



[If ^ 3 2 ] mi^PiSJJf ri^SXte^M^ L < li*-XfiSf©W 



[M3 3] 1cm £>/t<9 10 *^|5|&^^®^|%ait^^'-r5fi 



[»*3S3 4] icm fcfc>9io ^^Pfe^^s^^^^^r-rst* 

*JglfEi«c<D^'7/K 

fcgaiR] K^«l« ^-*g^fl&, N — Sk *5ctl>* (In, Al 

, Ga) -m^bi^i omtym£nfcm>&mimm<D7$v;is 0 

[ff^lg 3 7 ] fiffE ( A 1 , G a , In) ^fb^fi, (Al, Ga, In 

) N^-^tpff^ifem^^'^/K 

[tS#Jg3 8] tufE (A 1 , Ga, In) mtW, G a N ^frtf^Jg 
lfE*6<^-7/K 

[fjf#Jg3 9] M^K-t°^^}-J;oT K-^g^fc (A 1 , Ga 
, I n) ^b^xjf>/^b< (i^3i^^- 0 



[fit5fc>5C 4 0] 1 c m fcfc 9HI1E 1 5 5 E 1 9 
J: 5fC K-^S^tLfcfS^JS3 9fE^<7)^ ^/^L< !i^x^- 

[i»*jS4 i ] 6 0 o°c&mx.zumi:<Dtf:mz£ <o v-^mmzfrtzm 

[lf*JS4 3] hX*<D (Al, Ga, In) N(Df&-&k, 



(5) 2003-527296 

intern *m i fc=s*c<^ ?a-„ 

[»*«4 5] c-W, a-«Um-«U r 5$^biI4R£*L 

[8f3fcJS4 6] ^-^^"bO. 5-1 0ftSlW$*L/tElRlSr*i-5» 
*^4 4fEic<7) f >^^— o 

-©N-ESt; (In, Al, Ga) -®<£> 5 *>^<C < 1 1> lo^^-r^ff 
4 4fS$c<D?3iyN— „ 

[tw#gc4 9] ^^^vymw^iaot, swears'- Kit* 

[W*S5 1] xVW*q p pfC (Al, Ga, In) NO*:^— „ 
[f»*^5 2] 10x10m m 2 C0®^fo7c <9 5A«©RMS|I©| 

m^-r 5g»*« 5 ifa*c<^?^-o 

o 

[f»*JS5 4] ±0. >9 ft#KieiR]£;fcfc™«:W-raW#>fi5 1 

[IW*^5 6] 2 0 ^x^-5pj*,g^© t T V ^tt 5 5 



(6) 2003-52729 
[|»3fcJg5 7] 5%*^<D^^N-^^<DTTV£W^5ff*3S5 1 

[§t*Jg5 8] 5 0 Mm^cD^O 5 1 fEig^ ^^"o 

[If 5 9] 10m m^m<D5L <0 ^Wi" 5 fit 5 1 WML<D -7^-„ 

o 

[!if5fcJS62] (A 1 , Ga, I n) N#7^©»^fco-C, 
HU§E^'7A'£>fc#>£>?^ (A 1 , Ga, In) NV- K^ B ©fflIt57>f7 

(A 1 , Ga, In) NttWZf&M 2> . 

[IS^JS6 5] HUlEIII-V^M<b#)TO{i (A 1 , Ga, In) 

o i i o o°C(^«i5ia-e^T^tL5fi3i<JS6 2um<Dum a 

[is*JS6 7 ] HufEin- vmmtmttm-tA 1 n£^, ^g^^, 9 5 

o~m 2 o o°c^M$siffi-e^T^tL2>ff5}<JS6 2m^co^m a 

[ts*^6 8 ] mmii-vmmtmmm i nN^^, dtm^m 7 0 



(7) 2003-527296 

o~^)9 o owmmmwx'mnztizmikige 2tm<D^m 0 

o 

io~^ioo o<D$m-?\ iiimMmm^n-t^M^mmw^mm^^ 
2ia-^(D^fe 0 

2 fBicO^&c 

6 2mm<D^m 0 

[ff*JS7 9] tuia#^yK 4> mm^Mmmx^^ i cm 2 $>7t<9 1 



(8) m& 2003-527296 

^6 2 lEgc^fe 

[»*«8 3] HUfEV- Kftfttt, c — a m-m, r-Wd>b 

[il*«8 4] WIEV- K3IS*H:, ^-^ B B H#^b 0. 5~10S« 

[»*S8 5] fufEtf^/i^Sfi, c-fi-ia^l©v'-Kfc B B ©N-IX 
li (Al, Ga, In) -ffit^f £*l5ff*:>K 6 2 |E«W^ffe„ 

[M8 6] MIEatf^/Wi* G a N^!7^f>ii$ilfcv'- Kigi± 

[f»*JS8 7] MIEV- K*£iHtt\ HVPE/*f!i7Ft7^iao 
■C £ frtzm 6 2 |5ic<D^& 0 

[f#*J®8 8 ] is— K*S*J:-t?fiJcS LfcHUlE (Al, G a , In) N*m 
ft, ittfy/^F© (Al, Ga, In) N©^f f&#J> ^ y 

[g»*«8 9] mrtsiii-v^^w^{4, fuf£v— K*Nl £ iMriE^fls 

[gf*JS9 0] WIE^^< b t> 1 O^P^g^ VPE, CVD, PVD 



(9) m% 2003-527296 

5/<>-/^T>^^b^5Sf^^jl^$nfc K-/-^ hS^^T-rSHfJlE (Ga, Al 
[HM9 3] lll-v«e^k4*tt3N-wW8Ej*fttt, III- viii^lffi 

(i*«9 4) 4mm^ja^Sff*^WflElll-vS!l«<k*«-3H-Srfijt** 
tpfS*« 6 2 iE«fctf>;fcft 0 

[W^98] yy^, ffi^xyhg^ !7>f-r— y T 

[ff5}<^9 9] Ox lO.um fcfc !) 1 0 A5fcfflS 

9 8 fam^ifee 
5 r i & $ e, i-^tr» is*js 9 8 mm<Djjm 0 

[IhJR^I 0 1 ] mffE -kl^-f ^ oil/^ hn = ^^ • 

flt3££*£^3£T 6 r <b & $ b tttts 9 6 fE«O*ffi 0 

[HM10 2] HufS^VW^^fi, 383te*V;*— K, u-if-^-r^- 



(10) #S 2003-527296 

0 4] HUiaill-V^^^fiG a N^#tftS*iS9 6 IE 

[gf^js 106] »^mt«#:-t?5ffsufc#, ^mm< x*um<D 
[it^io9] ^t°^^v^/^g(c:iiLfc^®^^c?) j; mm 

, tt*^ 9 6 fS«6CD^& 0 

itt^jsi i o] m*mimm<D7$v;ufat>Mm£frfcmmzmz-. tuts 
. citato 

[ff^Jjlll] Huf5^VW^(t % KS-I>*^-1f-^>b^2) 
8£/^ibiSiR£*L5!f*JSl 1 O^IEic^-^-r ^ d^^^ = • irV^ ;*#t 

[IW*JSl 1 2] tuIBS^ii, -£fl?£;ftTV^fW#iSl l 0 {'fam<^-^ 



(11) 2003-527296 

[0 0 0 1] 



(12) 2003-527296 

^l§P^fiBMDO|§^]*#DNA 0 0 1 -9 5-C-0155, DARPAl 
llfffDAAL 01-96-C-004 9IIFDARP A^f #DAAL 0 1 

-98-c-oo7i <Dm?<Dit»f>iz.ftibfrtiL 0 &mn*&wKW7iE<Dmm&ffi 

[0 0 0 1] 
[0 0 0 2] 

, mtm^ * ^m<Dm^<D tt «> isr© i n - v m^itm^m 

[0 0 0 3] 



(13) 2003-527296 

T'£>5 0 ^Jx.iiW©ilf^t-K (LED) fcSVMii'— if— jf^yt— K 
(LD) fflp-ISE *fcfi«^V^^^¥«S«^^o 

(7) mm&fa±(D (A 1 , Ga, In) N<D^# mit^- V 9 * -Y /Mgt SSI 

s^pfl fc»j£-f s ^ # n ® as &v <> r * j; y> wtmr z . 

(8) ^fc°^^/Mjg£fcte^W*jl£> c -®^o^HH*-fi«ffi^^fi 

[0 0 0 4] 

MSf-*3v>T, ^^ft^wtiioMJEeisniv\ iii- 
vmmkMte*ixb<DmMMmmffix~ftMzmteL, &m<D'</i>* &&&&&& 
fetiKtSo <^x.-c, ui-vmmtm-im. mm, mmt&m<D<vxi& 

it-r 6 © Sr SHId b T v ^ fco 

[0 0 0 5] 

wcfc&*5, i ii - v mmtm^n<Dy</u ? ^ mm & m 

Ct\ ffc^bftTtfc. (MZ-&. #BBG. A. SlacktT. F. McNe 
1 ly, J . Cryst. Growth, 34, 263 (1 9 74) ; J.- O. Huml, 
G. S. L a y n e , *S#f*r^3, 607, 0 1 4f;P. Chen, 

I5MNASW-4 9 8 1, (1 9 9 5) ;&^P. M. Dryburg 

h, m^f&Miz.m-fz>m9\E}mm£m, iccg-9 (19 8 9) ) , £t>^m 

f/SlSSf J. PastrnakiL. Roskovcova, Phy 



(14) 1**2 0 0 3- 5 2 7 2 9 6 

s. Stat. Sol. , 7 , 331, (1964)). SlackiMcNe 
1 1 y (G. A. SlackiT. F. McNelly, J. Cryst. Growth, 
34, 263 (1974)) /M©A 1 N^iH ( 3 mmW.&. 1 0 mmg) £$i 

m-tz>tnbia&m2 2 5 o°c-^n-m^m^mm\^t^ 0 Rojo, e t a 1. , » 

*WF$5m£. 1 9 9 9^1 2J3 ( Tl|ittftT/W5=^Aa[^4toa«0^fiJci:«H4 
J ) fi, (Dill c m©7/U-; ~yj*&i\M-#?/\'<DmZkb. OMVPEiaSA 
1 NirA 1 G a Nxt^^^t^i©^©fc*t, £ IKllftf-R ytft^ffi&ifoft 

•pf L- ~C I <5 0 Ivantsov, et al^Materials Resea 
rch Society, 1 9 9 9^12^ Kftflf Kl «t 

b^StfcGaN 2 0mmBi'fy^5'h) fi % G a N*^xk7 d rv'©Si 
Srfi&flrrsfcfcte:, 4. 5 c m 3 <7)tiSrl$o^i»b^- KWl- J: S 
S9 0 0- 1 0 0 0t, ffi7J 2 ^ffi*^ feH#E5cft>*ig 2 mm(^^#T*^* Ufc 
G a N-f V^y htf>£j£&iSa&L-C^5 0 *1M5, 7 7 0, 8 8 7f (T 
a d a t omo) fi, 5-2 50 sec<DXRD FWHM^jft, ^-^^ 
- o m vy ^^Bt £ simt-r 5 fc£>, MI^7 7 7i±t'>4< H80^n 

siki*, ab*w^nt s -e-5 it#> izmfcrns* y7rs^ u-c^^-i^ ^ 3, ^ ^ 

[0 0 0 6] 

x<A^G a N^l^li, _k#b7cM^db^tSG a N$t<^#PF^c5ttt^ 
J^fsM^WlU Ga*»^4fe*<0£*©*#««T#JI8Lfc„ GaN^ 

o (£U.T£r#Rg J. Karpinski, J. Jum and S. Porow 
ski, J. Cryst. Growth, 6 6 (1 9 8 4) ) . G a rp<DN<D{&MM8£, IP 

t)9 5 0lCt, 10 5 ^/^t^G a N©iMS^tJf f5 (W. A. T 
i 1 1 e r e t a 1. , U;1/^G a N^|©^fttif5 

^T'SThM^^EJ .Stanford U. .July (1980)). &ft 

Wt-»*U< JfcV^ffi (2 x 1 0 4 a tm. ) 



(15) #$200 3-5 2 7 2 9 6 

/h*V^& % MIS2 0Mm/^\ 7 0mm 2 %M <£*>o fc c 

[0 0 0 7] 

i^ffi^cD^&flf^J: «9^bfdG a Nl©l^©ig(i, 1 E 1 9 cm- 3 
SX±X& K> (S. Porowski J. Cryst. Growth, 189/190 (1 

998) 153). ^fzmiE<D^;<4 *(Dmmz^(Dttn(Dm'M»imtf: k— 

[0 0 0 8] 

(Al, Ga, In) N->^r J»m<Di/- K^iTh^S/^ 
JbfSCO J: 3 KMb<7)/&g&#T^3§^>irWCo V— KG a N^^H-r§# 

^tt*^ ^tiibTf-77"f TK^^Xftfrtl, (Mx.lt. D . El we l l 
and M. Elwell, Prog. Cryst. Growth an 
d Charact., 17, 53 (1988)) X&S i C (C. We t z 
el, D. Volm, B. K. Meyer, et al. , Appl. Ph 
ys. Lett., 65, 1033 (1994); ^rlTitt^- K©A¥ 
^F"T3b(-J:5o C. M. Balkas, Z. Sitar, T. Zhel 
eva, et a 1 . , M a t . Res. Soc. Proc., 449, 41 

(1997) ) mmmm±(Dmkm(D^u^K°?*is{zMi'Xmt£-rz>fe s Ft 

N^^LT, 3 0 0 m m/h r Wi^$iXT^§ (C. Wetz 

el, D. Volm, B. K. Meyer, et al. , Appl. Phys 
. Lett., 6 5, 1033 (1 9 9 4) ) „ L^L&^k, §£%k£tl1t b — 

[0 0 0 9] 

ftifi, G a NtfWf !?x^-^tSS±^fv^G a N £ J&S £ * 5 r 



(16) 1**2003-527296 

Vm&Ztltto ISSKttMts WLti*L/c (M. K. Ke 1 1 
y, O. Ambacher, R. Dimitrov, H. Angerer, R. 
Handschuh, t M. Stutzmann, Mat. Res. Soc. S 
ymp. Proc. 482 (1998) 973) , fRiMW&<Otr % 

(^xj/h/K^-fxyfy/) (T. Detchprohm, K. H 
iramatsu, H. Amano, 7kX$\ . Akasaki, Appl. Ph 
y s . Lett. 61 (1992) 2 6 8 8 ; iY. Melnik, A. Nik 
olaev, I. Nikitina, K. Vassilevski, V. Dim 
i t r i e v , M a t . Res. Soc. Symp. Proc. 482 (199 
8) 2 6 9) , Xfem&&)&W.^tlfe ( Pr$m<DMm&)Wm (S. Nakamur 
a, M. Senoh, S. Nagahama, N. Iwasa, T. Yamad 
a, T. Matsushita, H. Kiyoku, Y. Sugimoto, T 
. Kozaki, H. Umemoto, M. Sano, JklfK. C h o c h o , 
Jpn. J. Appl. Phys. 37, L309 (1 9 9 8)). V^'^—M 

I 0 0 1 0 1 

[0011] 

[0012] 
[0013] 



(17) #*20O 3-5 2 7 2 9 6 

[0014] 

-W||j66li«^*5V^-C, Ml cm, lmmSr-t^tLilHlD 

> icm 2 $>fc<9 1 o 7 mffi&m(D±mKm®mz^-ttt 

mts- b*m& j&s l 1 1 1 - v mmtm # ? /w- m- s „ 

[0015] 

t^^^COW-^-) 0. 5 c m£r_b05<Z>aS£ bldgf* L< , 1 c m^_hlfll5 

< «\ 2 5 0#*^O^i|>S«^it^^^V^ H B B X||n 

tt®^*i-5 0 L< ^^/KO_h®^R&ajSf±, Icm' £>fc!9 1 

0 6 *^Pfer*fct), ftt$f^U<«. #!?/K75Jt®^|Sfe««H:. 10 4 

[0016] 

SiJ<^»ftl#^*5V^T, *3§W±, Icm' W:H0 5 *^PfeW_h®^P(& 
4>fc<£t>5. OcmCilS, 4>ft< £ t> 1 cmlp^SrWi-SIII-V^ 

[0017] 

w <o $ e> * 5 mmmm n , m&tm tMutv- k*s a a> e> i n - v j^s-ft 

[0018] 
[001 9 ] 



(18) #3? 2003-527296 

[0 0 2 0] 

[0 0 2 1] 
[0 0 2 2] 

»J©H!6J!l«te*3V>-C, III-Vjfeitffc*Jteili*W**WU a-®, c-ffi. m 
[0 0 2 3] 

#38 93 tf> £ & ft 5 «Hg^ tt , W <D 9 t^frh # b ft 5 9 ^ ^- £ <a" tf 9* 

[0 0 2 4] 
[0 0 2 5] 



(19) 
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w^FtiiiNo. os/iss, 469, 1 9 9 4 ^ i m 2 7 0 mm. mm 

#M ichael A. Tischlerr, et al. , tRU 
#f^5, 6 7 9, 1 5 X^Xmi ; 

^HWfFttiJSN o. 08/955, 1 6 8 1997^10^210 trJSg, 
Michael A. Tischler, et al. ; 

^mm^mm no. os/9 8 4, 473, 1 9 9 7^1 2M 3 emu, 

3£RJ1# Robert P. Vaudo, et al. ; 

*!MiNo. 08/179, 049 , 1 9 9 8¥ 1 0^ 2 6 BtHl, 

Robert P. Vaudo, et al. 
[0 0 2 6] 



sfc&mi*. JfeftttHI-VKaE-fk* (0!l*.fi (A 1 , Ga, In) — N) , ± 
t*Wf®=» (Ift-ClcmJ:!)*) , lmm^iSg^ttS^'^^ *& 

D*ta*snfT*n, ^(-iftffi^Si/E^g<7)^tt^#^i-5o ^ (ai, g 

a, In) -N^UcdJ; 3fc*ffiSf©*fr«^©tt8S<>- KSrfflv^T, 

«:Kitprii*0-e, ^o^-^^ Mi, gtRBfc^n-fc* 
[0 0 2 7] 

.LfElCiliSLT, fflM T (Al, Ga, In) -Nj tt, IIl8fc&JK«a> <fc 
5ft2j*$h 3^^t>*4^<7?m^fcft-e/«e< , Al, Ga, *5«fctfln& 

ffiS r (Al, Ga, In) -Nj ft, _k!E^fft£ i^*Jt51i t IX, Hjc 
it&tyQA 1 G a N, G a I n N, Al In N^Etc^-^^A 1 G a I n NtcftX* 
*<> ft^AlN, GaN, InN^tf a (Ga, Al,- In) 

5#Ga, Al. I n^aw#^E"f 5ffi^^^f-B8UT) r^^fl6<] 
o ttoT, i©G a NTO(;lt5l^^\ i&<£>«*jfc (Ga, Al, In) - 



(20) #3? 2003-527296 

[0 0 2 8] 

ric*i*a?©ft1f^ii , ^^V— (VPE) (cJ;5^^^SSr^tp 0 

[0 0 2 9] 
# ? / writ ft fcfto^-K 

mmmmm (tce) Rt/tt^SE-e-^HieufeaiSr*^**, Agssre 

(Al, Ga, In) -N->— KJgfttt, V^SMt'^LTtS 

»J;oT^ti;|*^5ISS«J:li^^©fI^^ m&vtz (A 1 

, g a , in) -NttncDnmfflRummistcmwmte. mw%R o b e r t 

P. Vaudo, et alt 1 9 9 8 ¥ 1 0 2 6 0 (Cfflfg $ tlf^H^ 
»™i0 9/l 7 9, 0 4 9f r^pfe^g (Al, Ga, In) -N 

mfm—toZMM-tttib^^yJ K^tBj&S (hvpe) 7°c2ir^j 

HFIB5, 6 7 9, 1 5 2fCPI/T^|lT^5) „ 
[0 0 3 0] 

0ij*-fi, lo' cm 2 *«S«5<tefilr?g^i:*5«t* 1 0cm 2 ^©^^^6^: 
I««G a N — Kt±» HVPE^U 7 h^td £^X<gg,lzMl$~*iMX~foZ> 

a 

[0 0 3 1 ] 

*mW<Dyu±Xte. Hp B pf^ (Al, Ga, In) -Ntf^/MW&Kig 
[0 0 3 2] 



(21) #$20 0 3-5 2 7 2 9 6 

a-# % m-«U Xfir -W^rttCftt U-C#*-|Rl^o-CElRlbTt«tV> 

©9I»fSr*lRlWrJ-5r. > 09*.tf» (0 0 0 1) ®^b5i$<D^J^f 

< 1 1 0 0 >Xfe< 1 1 2 0 >^[Rl^|R]^oT^r|plW-tt6)tL6o *> 

- K^saip]$^c -tt^M^ij (N-jHxttniai-«8ie) rau ^/^s, ^ 

[0 0 3 3] 
[0 0 3 4] 
[0 0 3 5] 

£<b(^ mnmk&Mz., U v— K*»ibtf># 

JH£«/liL-Ct>J:v\, 0yx.tf, StfB^t?** (VPE) , te^tfj^i* (CV 

D) , #>JSffjf&* (PVD) , ^^f^v— (MBE) , W«AJRYb^« 
m^t???*/— (MOVPE) , /^K7^KIffixt7^^- (HVPE) ft 

LftV^S, (A 1 , Ga-v I n) -N^tcit, I I I -Vm^VVO, S i C 

, (4?^/^^i%^s*«fei-fc*©io(^»* bv^^raett**i?fc5) siN 



(22) #$200 3-5 2 7 2 9 6 

Tti^c a** — ^^raS^Mfi, T^S^f^S, 0 0 6, 9 1 4^ Bee 
t z , Jr. &t>*7fcd#rFSI 5, 030, 5 8 3 -5§-B e e t z , Jr. 

[0 0 3 6] 

i&X^^^-^m^m^h^o (Al, Ga, In) - L7t 
W&M* (A l , G a , In) -N->-FU ^^^^^S^fcfe^W^^ 

[0 0 3 7] 

**WO-HJfifli«^*5V^T, K*g*tt, i?V> (A l > G a x In) -N 

[0 0 3 8] 



(23) 2003-527296 

GaN^-Klt t77'f7 - ±Xl&-g:&, m&VtcG a 

NS:f^Ki-5fe«)^G a N/t77^7#ffiT% G a N <Dm^W$,<V3&&*W$$& 

j/fNd : Y AG l/-f-©ifi 3 5 5 nm(D3t!i, f)>f)>%> @ ^J(DtHbiZ.^y r 

<<T*mm-tZ> 0 ft^-^/i-^-Ji, GaN^ymy/i^WciCib 

5<£»-£\ AWWift, (7 0nm) (DG a N»V^g{-S£J|X $Jl5„ -f-^^©l|X 
£nfc3£ (0H;tK£, GaN^LT^ 1cm 2 fcfc^&lO. 3 v 5 ^— /W£_klU5 
) fi, ^V^#®g(D^^f-7T-('r^^G a N<D^Sf^M|gi-5 0 

[0 0 3 9] 

£*L, (A K Ga, In) - NTO<b 5Sfi £ <&3M£3g0MBfctf>£li:: «t S3£ 
[0 0 4 0] 

#v /wmm&mz t -ox$?mz. h x & z 0 # ^ ^ ^ ^ v ^ >— k*s ii <?> 

(TEM) *Pffi|2]£*IJfflLTt> ±V\ 0iJ?LfcE % GaNfil, 
[0 0 4 1] 

#*/Hfcft<E>fc*te:, &&mKJzZ> (Al, Ga, In) -N(D±flii\ j$J$ 
fiitftSUS^f (VPE) fiEftmio-C, HtTSnSOtt*flJT*>5o 



(24) 2003-527296 

[0 0 4 2] 

*m w k «k s # v > * n , it m% * *n- % i 1 1 - v mm mm. # v ^ 
zmn-r z>tzbb\z, m*\ ta-f u ± x&itxmn £ ti z> <d ft^m xhz, 

[0 0 4 3] 

mm^ft. 5 0 Mm/ffi^ii5«ft3Si\ £?£b< ft, 2 0 0 » m/tff?£\ 

ftt^f*b<«5 o.o nm/^m^m^^mmtmm 

$tl5. f&&ft, G a 0 0—1 1 0 0 °C, Al Nfttft 9 5 0—1 2 

0 0°C, In NXftm 7 0 0 — 9 0 0 9 C<DW8LX*. ^/»M^ft-L!Efi.J$£- 

[0 0 4 4] 

vpEy>ti-tx<Dtc#><Dffimfcft, mfcirz,frtfx*ftte\,^K i^mYM, mt 
Mxft&m&mmmfc&<aA;xt> «tv\ nh 3 xftm<Dmm^ffim& (mz-ft 

mm-tzmmie.^^ (0>h Msit^i o : 1 o oo©nh 3 /iiuje*s— jrw 

-CJfctK NH 3 ©5HP*^ftflP-f-S) o 
[0 0 4 5] 

[0 0 4 6] 



(25) ®m 2003-527296 

(^(D^^^<DmtVX, *g#rFfg5, 2 0 4, 3 1 4fM5 
, 5 3 6, 3 2 3-5§\ K i r 1 i n e t a 1 . ^^^$tLTV^5) 0 #^<5 

[0 0 4 7] 

(0iJx.(±\ ^PJwHj6fe{C*3V>T, 10 4 cm 2 *«KD^rfe*it*S 
[0 0 4 8] 

OTJ^tt, gS©G a N#!?/^Ofc*i-, G a N#^/U^f3^#Lfc^ 
[0 0 4 9J 

t=v^ VMS £\ j^f^g^ag&^-c, &M=fS<£>? 

^S^jg-T^r fcWtfnflJ «A.«r» G a N^cfc 5 KI4K^$ 
titc-V^f XSrW-r5 0 K±f©G a NMStSfcfet, 09*.Wt, fife 

ftiM&iflfflKlLfctK NH 3 /G a NCQlfc^^LfcD > (£JE U fc 9 , 0f 



(26) ft$t 2003-527296 

B H e cr)^]^-®^^ttl-f-5-<#-Cfc5 0 frfaZ)jjmX\ GaN 

£*i5 0 £<b^ Ml ^SXii^ H ffi«i8(a ^5c*jM£;to]i£-C#, 

[0 0 5 0] 
[0 0 5 1] 

oTfc«fcV\, Yb'S^^^f^^iSV^-C^ I^Wi^Ifeii? (JDR^-lttt^aE-CfcS 

^4i:siS B B B ©iS^, *3ct«^#Sf{^^Pi-5 0 «>ltf, s i 

tfjftt><£>{2, 4H V 6H, 15RM3CT*fe5o GaN tU SfcSfcfr. • a\#A ■ ■ 

^ (2H) Rummfc&mffifcM, or) (#Hg, (h. s e i ke e 

t a 1 . , J. Cryst, Growth 2 0 8, 5 7 (2 0 0 0) ) S 
[0 0 5 2] 



(27) 2003-527296 
f&fktiiLlg. (Ma tsunami, W. S. Yoo, PhD Thesis, 

-hi:ltm^iS) nitJ;^ £fciliR£;ftfc^M^W^ (H. 

Iwasaki et a 1 . , Appl. Phys. Lett. 63, 2 
6 3 6 (1 9 9 3) ) tiot, fcSSS^y^'f^WT^S, 

itapJ-«t«3, K-^VMa^ (^^^t°^^v— (site comp 
etition epitaxy)) (D. J. Larkin, P. G. 
Neudeck, J. A. Powell, RlFL . G. Matus, Appl. 

Phys. Lett. 65, 1659 (1994)) XttW^o'S ( S . N 
akamura, T. Mukai, M. Senoh, Jpn. J. 

Appl. Phys. 31, 2885 (1 9 9 2) ) ~g.tz.MZ-X 

[0 0 5 3] 
[0 0 5 4] 

t(|iS:^-r6TEMtaPS.t>VX{i^^^P» (AFM) PJ^cfcoT, ^Pfe 



(28) #S 2003-527296 

mm***??? v n—isa ^T«#6o a f m % sem, j *-%¥mn 

AES, LEED, ^Ify^o-^, E D S ^fi!lcD«&##f&&^X 

f^ftem, AES, LEED&VEDSglfeCio-C, KXtt#9/WOfli 
tt £ fcSO # 5 c x-y^-ls I1MOCVD 7f—s< — 9 n - * & j£ 

[0 0 5 5] 

o^ffl <o p <75 fc $> izmsf is titLm>b&.A n ^a^^ffl u -c t> «t v \, mm £ 

[0 0 5 6] 

^mitmnn^^°99 (hvpe) f&^h^&ffl 
z> <d mm n # (owmmz t? & 5 . 

[0 0 5 7] 

HVPE^DtXC^Nt, «i:LtGaN^^5h HC 1 iSifrfiS# 
y^A (Ga) 05^Sri8^.Tiii@U, #3BttG a C 1 fit, GaN^tSfcfe 
i^T^^e-T (NH, ) iS*Si"5J#ffl[^-^{c:^$n-C, ^i££*t5 0 Ga 
C 1 ©M, NH, (DftMRXfiG a N<^J&&fi 3:£:/i3 iz.xfi N ^fflj 



(29) ft$ 2003-5272 

[0 0 5 8] 

j&&mmzmm-rz>o o. i smm/^i oiivvfcftM^asfflu movp 

E, MB EXfiG a N^i«BE^^S(C «to T)S^^tL5j$i$ct >9 t*><t9iSV^ 

Ga c 1 ©ff^/^iot, ±IEO^:#«;fiKS^{4*fc(l6ii$tL5o 
[0 0 5 9] 

j&m <Dm&<nmmmm n . m m <o # •> /us sts. x^mtsm m & mtit-r s 

[0 0 6 0] 

46li:, *C;^@^LT, ^^Dir^"p(' % w^ty-r^ m^mm. m 

^ft^n-fe-^SrttS^Sfcft-^a^^L, tot, ZfifrbWbfrZ aK^^Rfi 
&t>- * ^^-(Oi^p B pS*5 «fc t^^ttSrBdc-r 5 0 
[0 0 6 1 ] 

(d, jag:/* 7^- J^ffc^-yv^^lZL^TLXii J;v\ 
[0 0 6 2] 

tt±^. (Al ( Ga, In) NRli, SiS"?/**"*- 34§£\ 31^, 



(30) 2003-527296 

[0 0 6 3] 

t/rics d -t * -c <dj$,& nm± (Dmm-i . # * /n&g ^ o -t * ^ 

[0 0 6 41 

SrtCiot, (A 1 , Ga, In) NW^W^SW* Sr1W«l-C# So 0>J;U4\ 

ftWtbll5„ 1cm fcfci? 1E1 5~lE20(OKt-RU ! 7^t7 , ^-W 
*&t&ffltf s £?*L< , ^ifeomfe^feV^Tfi, lcm 3 fcfc>95E17~lE 



(31) m%. 2003-527296 

[0 0 6 5] 

p-m (A 1 , Ga, In) Nztf V ^VsPch #3^— <DffifrtLX\H^ # 
3 0 p-SSSSrffli^rilctot, (10x) v-Wm<Dtef8L 

Rxfp-mnmm.x(Dmm-r^m^^m^^ 0 x^^p-mmmm^m-r^ 

p- (A 1 , Ga, In) N*?^s^—±(D (A 1 , Ga, In) Nix— if— ^ 
[0 0 6 6] 

rj\<Ds*7^x&m&.-rzzkiz£vx, 

*iife*sjtsa»*t«.xi47>r^- (^jxtf. t^**ifiifcA 1 n) *fflv\ 
(nhs i±ti^^©igt Ltji^t'fcs) <Dmm\z£<o. # 

[0 0 6 7] 

M I II - V M&Lfcto # V suttn tMfti5„ T ? ± zf? — R Xf/X 



(32) m& 2003-527296 

fed, JMfttt'O' K^f> yTViOHK -C/£ft^(l^^^V\ Fe % CrMV$f 
teC*6<t1-3#< ©S^^JSfis G a N^ftil^III-V^'fbWilSl-^^^V^ 

t^o W&frte<E>HiV^£ffctf> K— hUia-i, As, Mn, Co, N i RUC 

[0 0 6 8] 

[0 0 6 9] 

£ jV(Dfcm*. & ^ x. 6 _k!B<DgEife<D l o K— 1° V ftimtf £>*l, K— 
[0 0 7 0] 

(i) Y-\i°>^mmmm^^(Dm^mmm^^^m^^n^(D-x:\ m. 

£>5 ; 

(3) »K-tV^('J;5Ge K— tfV^djo^Ttt, Ge K-'^bfiG 



(33) 2003-527296 

(4) K-^VhttMI^-tMtt, #^/^#:^|h1h#^ K-:7°£*l6 ; 

(5) ^t4^ffl^^^Jttf 5fc^{-^5:#:^^|ifi^^ 71 si GafMtfc 

(6) ttSEIftK— f^^tt, fli*^?^- GKS-f^frfei*) fc^tr^^-r 

[0 0 7 1] 
[0 0 7 2] 



NJV.»60.1%, 1.68 bams, t=2I min 



ji 



Ga- 



3I* 



v 3 , Ga- 



™Gc 



N.A.«39.9%. 4.7 barns, t-14.1 hrs 



[0 0 7 3] 

^fab<Dfcfofrh, G a N<Bffc"JH±^^0>«tHfc:J: OGe <D2^(DmitL7vm<D 



(34) <&m 2003-527296 

[0 0 7 4] 
[0 0 7 5] 

G a if-T h_b(75G e n -S!^tt*©»3tt4, r©i5tUt, Ifff^-* 

o 

[0 0 7 6] 

^^BS|+G a Nf±^(D|5j^^$r^tU-r ; 16 7 N S ? ° 31 G a 

3i Ga Q rtL^(Dp]fi7C^«€-^<D^flB^2. 3 1^ 2 1^, 14. 1 

[0 0 7 7] 

3 19 

G a NO lcm !: 1 x 1 0 COG e J!^F-£r§Sli£i-5 <£>M-f-#fr l^/KDfi 
[0 0 7 8] 

o 

[0 0 7 9] 



(35) m$t 2003-527296 

[0 0 8 0] 

^Mi-s^^tt^o,, ^->/K7?Kff®^ (wmm) ii5-ioc 

?4 ^>yxfe1&<DWmft&ttz.£ K>m*<nV^^— (Mz-lt, 0. 1^^>0. 7 
[0 0 8 1] 

#?/M2-$ft}/&:ft-r5£, t£5l50L a u e?£fc5V^0-2 d XBrnVv i? 
LTlfi|S]£$:5£1-5 0 IDXttODV-, L < ii!7 

i/-¥/^^^fc«#^/^s^fc*b^, &(Dhz>mffi& J ?-7iz>£?Km z f- do 

[0 0 8 2] 

N(D^- 1 0 ^ ^ fifths 3i fc° ^ ^ /PMIt^t totl^U^® 

) , ^^x^r^mmM («xii'3-io5^oyeg©iiii) -cwe&iftfT 
i-?.o ^(o^k. <?^^-& s wmtmmm (^j^o. i-3%?u^m%.) x 



(36) 2003-527296 

T^^-t, ->!)3y*-/^ K (S iC) , #n># — /-or H\ ^t^^K, 
m (CMP) &Stt3 0 CMPT'nt^iiS^^yy (pH>8) XlimVkffli 

( p h<6) wx-mmzftZo mitm* cmp ±if ztiit)^ * ? vizm 

[0 0 8 3] 
[0 0 8 4] 

tier tstiz>mmT<Dmm$:m-tz 0 m^T^mmi-i. inm^tm<D^(Dm<D 
-c^ Pfe 4= m-r r. t & %> -5 0 mmr^mm^ vmn »* & 

5„ UV7* hy^*tS:SL^Jti£l-*5V^I4, GaN^XA-i1'©^||iI45 

ti-r^->-^s/^^^ (r i e) , iSiiar = -/K $>z>wzRj&&&mf5.'P'e<DT 



(37) 2003-527296 

=.-v ^y&hztK wmmmzwbfr\z~rz Q 

[0 0 8 5] 

mXii^^ti/^y^-. CMP, f&ft^s/^XttR I E (C 1 -m&SV^SC 1 
[0 0 8 6] 

^jSftiM^fc^-cte, i^f^wtt'iij^Lt, ioxio A m J mm^ 

*fLT5^y^7 hn-^I©2fWM (RMS) (DMftJiff t\ ? 

nmmx&z> 0 <>^^-<Dmfai-±, + o. 3mx <o&<i-&^ timmxhz> 0 

fcswi, 7>>75> 3 lEi^fr3z®te--# lit- =fc K>l&f&&lnZ>o 

[0 0 8 7] 

^tSri^ti^o If'— #4 Or— KJBitl-:foV^ 

a i: ft 5 fc ft -f-# ft & *r-r s ^ # -e *> 5 „ 

[0 0 8 8] 

MbT, ^^^-^jt(-Pi-5^T^^J{±M*bv\ ^x^-w/^liim* 



(38) #H 2003-527296 

<D&m (TTV) f±£:J^— *pj$]¥<P2 0%5fe»§ % $ b L < it 5 %5feJjljiT? 

[0 0 8 9] 

[0 0 9 0] 

(A 1 , Ga, In) NaK^/UT'o-fe^O^ffWIIltJ^IB 

**W^J:5^jfet±, i^ife (A 1 , Ga, In) NaK^/^Jftj^ftj^ft^ftffi 

[i> 1 c mtt) , S$> ImmSrW-rSo ^IMtt, 0S*.tf, 9 0 0^5)1 
2 0 0°C<DUl£X~2 0 ju /B^J^i, G a Nt^LTfi9 0 Ofrb 1 10 0°C^ 
£?SL<, A 1 NCTLt|j:9 5 O^b 1 2 0 Oti^f Ll\ 
[0 0 9 1] 

— KDMfcWjteMMmmzte^X , G a NJJ?^/^G a N~>— K&£ f H,tf)_k^/& 

t°?*^f&M (HVPE) |:i D G a N© 3 0 0 m ^t77-f 7©±CM^t 
, ^©tG a N/1f 7 T>fr #MS<£>ii*^G a N««Sr l^— if — *D*ii" 5 r i: |C J: 
DGa NSrl^^r'fT^b^JtJUl LT$S5i£$;ftfc 0 Ga N KWdMt?*> t> , 

t©t©G a N#*/uj*e©fcfcteS#ttfnbfcS'— KSrSHfcLfc. 
[0 0 9 2] 

^TA©iftvW K7-f K» W^v/fijcfi (HVPE) \ZL3LY)m-S>KLftt>fr 

<5 o 

[0 0 9 3] 

1212 zmm-tzk, fH&mmi * T?*—&mi 2&^&vt? 



(39) 2003-527296 

-t\ w&y^ >2 otemk*mmx*frz> 0 ^fh^mw^y^oi^. is, 

tt^) i^mmztiZo mtTkmmm'&y^ >2 onvT? ?-m%si 2fox\ i*j 
u®m<Dmm&fttimm2 4*mwttz> v r??-m&i 2<d\h^^2 2^ 
mmznx\,^ 0 mm£titc&m2 4femm?fv ^2 8 co^nm^2 

<5 0 

[0 0 9 4] 
[0 0 9 5] 

^^Ai-Sfcft^j^^l^oT^ £V\ 

[0 0 9 6] 

is* 7 hfDm^fe-V-ty? 3 e^ia^^tLT^O, ^S:, 0y*.tf, JSIS<D 



(40) #S 2003-527296 

mMx$z> a -y-f7?\azis- k^ b 3 4;e>wr>>- k^ b b h 3 4 Ji 

y t??-®!&i 2<DM®mi 4(DMn&r$3 o^v^-c, m^^4>i 

[0 0 9 7] 

mnzzmzto^^x. m*<Dmmmmr&&vx, xw^mim (GaN) # 

[0 0 9 81 

P £l*?£|5|Z#^2 2^thSP^^^^(-«inS^ > ^9 UfcWltii^ft^u-fe^^ 

j: o T^aii * s j: 5 k:, * !7 t mmw-m^m^mm^-^m 

[0 0 9 9] 

HVPE^^fiScft/nt^fi, ISM^CT-CHVPEfiltftti: <9 * 
7< # — XASrflJffl LTV^c (Robert P. Vaudo, et al 

. (D&mi^xz 1 9 9 8^1 oM26Btam^:mm ! fiiimmo 9/1 7 9, 049 

HVPE GaNlfflW^WfeMI^^HC^ ^LTl^fs^o 
ftT?fcS&fcHR<. 5xl0 6 cm 2 ©gtfS©^/Hi, t77^7l02 



(41) 2003-527296 
0 0-3 0 0/j mJf©G a Nl-effStt^totM^^, U"</Mi 

Stfe^ifi, (i) «fc0*V»#9/KBjfcft, (i i) ^/i^nir^&^g^Tff 
[0100] 

HVPE ^D-fe^^LTS^J^^ft^SA^tL (G a (D £ 0 , jfcg 

fc5VM4il^6«jt-W*&$ix5we (HCl, NH 3 
tUftSTCESr^i/- K-h-e^^ti^*-^, MW^©^-^-;^ 

[0101] 

^|5(&M<D^^^fgv^S^^^t o ^^-^^^^^^ 0 air^ (LEO) 

«fco-c®Ljg$*L5, «t oisv^pfeftflfroiii-vfli^'fk*'^- KMtsri 

[0102] 

LEOlUttt) (0i|xJ4\ S i 3 N 4 , W, XttS iOz ) VM*^ 



(42) #S 2003-527296 

mitts ui-vmmkw^f&mxfaRxfxyfamM&^z-z* mitKDmmit, & 

[0103] 

(Ga, Al, In) N#-?/Hi, tfcLEOv'- K©±(^f 

[0104] 

[0 10 5] 

/u;*y^>yy\ <7^— v>yy\ ^^-^FBi, ^^-flWt^SrS^ 

^©i/- Ki^^/Wjittii«©^f > ^"I^LfiAES, LEED, xyfy^ 
[0106] 



(43) !$m 2003-527296 

2 5*. WtTt-iaa$iX, ^^^-©^y^ *J*f£T* loftV^L im.(D7$ 
[0 10 7] 

/£tf5£>5„ ( 1) W^y"cirx^jott<5<g;V^«3 P^n^, (2) -wu 

^!7-r-\r— X7^^y^iuj;5J; 9 Siv^^/u^/u— yV K (3) x^-Yv'y 

[0108] 

0. 5mmiO)SJ|) TO® («t 9(SW<^ K^-Y- 5X^*^1411*5 K—^<^ h 
(A 1 , Ga, In) N V/WtfL-frti fctt K— fcT:^ I^/U&tJ? $A'<D&MlZ. 

®<fc t>iapJftiiil£WI-£l&*i-5 0 

[0109] 



(44) 2003-527296 

[0 110] 

[0111] 

[0112] 

[0 113] 

m.±-<T> (A 1 , Ga, In) N <t ^3f|iJ]^T:\ y- >V(D$L& ^oHT^PfS^Jg^ 
(3) ^S^^N-oj&g^irni^i-So KttK^A^^TtB, S. 



(45) 2003-527296 

o 

*RLTJ:V\ £®*£i&3&ttl («i«e, a, m, r) 5 

(5) ®M^#tt^$iJW4 0 *^^M©t^ttt^^©f/W^©fflii(: 

m\^xmm\zt£z> Q 

[0114] 
[0115] 

mmm i 

7k^b^ta^t°^^iy^?£ (HVPE) (^J;«9, GaNi/-F^ B B Oll;| 
a3^-Ofi*#*£*|»G a t^ffi^f^fflfC iotjlbilfc, T>^~T (NH 3 
[0116] 

G a N->- K«HVPE/^y7 H t7g^(C «t <9 ©iit £ *bfc 0 G a 



(46) 2003-527296 

^/^^cS^^Bir-rSo K*S*tt, IWfiO. 5/imS:l!jSit5fcJ{) 
fcl, SiCh cf-eS^tt^^^^^^ (R I E) £tu OV^*GaN^f)iffi 

i&<W«;SLte/&gLfc «fc K<Z>teJBttS_k©*S*«:?#3a> 

f$.&&Mi££)nz>tLX~&W£titc 0 &<Df£&<DMr$ s ?^^—<Dmmn9 9 3°c 

^(-*j~r5T^ = T^»SiJ^fi^j3 5fc«l«r$^. 0. 1 5mm/H©/SH 
[0117] 

G a N#!>/HiroroUcG a Nv— K <£> _k £ BrSfR 8 c m* , g£4mm 
Natf^/M*, tS^Ailf, ffl1&tifM<DG a NV- KcD^ H B B M^@3io(5^ 

[0118] 
[0119] 

^^—\Ztt-tZ>- l^SXin ^Pi^^* — ^4MHC#H, FWHM (HI 3 



(47) #S? 2003-527296 

feffo 351arcsecT\ &W.<DG a N^7 i nrct:°^df-v'-y )Vl$\Z. <5 0 

iJt^^n, il'J^fiifi i o 16 cm 3 *^-efco7c 0 

[0120] 
[0121] 

[0122] 
[0 12 3] 
[0124] 

tlit-HfM©, ^UTCEi^Oi/- KINMJiSsttSjfcftfcJ: "9 , 
S i C Xttt 7 7 7±© r Jit t*W K/£g£«:*L<*frJ!&tfjK:» 
4mm<7)G a NC9/&^£prfgf- Lfc 0 W&<D*/— Y<0%M\^ V-A'<D&[&<DWZ. 

*>5VMa*r!?^^— ttJN-fJ-^Jti-S- fcttfcd»ofc) „ 

[0125] 
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[0 12 6] 

a»WMf-^XA- <7^ ( f B #tete9l?£<^^n^t°^v'^A'G a N$f 
[0127] 

huis <^^!i ittm mv>m & t mm & mm u x v > s 0 t m fc 9 b# «rs 

[0 12 8] 

o 

[0 12 9] 
[0 13 0] 

5i*v^giaS» J; 9 I^nh' /Gait, {£J±;Jj % Lv^£)Ifl£#j— cfi 

[0131] 
[0132] 



(49) #82 0 0 3-5 2 7 2 9 6 

x-zz&m # x^-f * ? ^*i#fc-r 5 fc & , m ^ ft^n ^ *s v ^ x mm 

[0 13 3] 

7^n#|itLED 9 0 (DffliV&WlXh&o n- K— 7° A 1 G a Nttffc^^x^-fi 

, ^(oym^n -®H9 a ^^^^nrv^ 0 r^^— <^_h®^tiig^g9 6- 

1 0 4 7)^/l£;ft, n-A lGaN775'Ki96 > ifc K~ ^" I nG a N^t4ffl 
^198. p-lAlGaN^7yK|100, p-iGaN^y^7 Ml 0 
2Mp - til 0 4 ^ttt^S. 

[0134] 

— if— K 1 1 0 C0Mlll&l2ITfo5c ?:e>^— 1 1 2iip-5A 1 G a NM 

t\ ^ofiBil-Tcffii© p - ^ y ^ Mi i i 4 ^tt 5 0 co±S 
t-f±iS<^Ji 116-12 4^^g^tL x p 1 GaN^77 KJB 116, G 

a N/ I n G a N#3ii^-#F'?£t4iMii 118, n -^A lGaN^'/Kl 
120, n -SG a N=i ^ ^ h^l 2 2 £ n -1® 12 4 SrWi'So 
[0135] 

IH6te, <9#^ixfO^/N- 1 3 2(D±^/&£;frfc^|§i 

7t^f±i^ 1 3 0 (DHWISl-CfcSo ^-13 2(JAh. Gai-xi Nflt* 

^/&£*ltv^t, ::txi>x2 + o. 0 5t-fc5 o ^^^~\z.nMmM\ ^ 

4-13 7^1^^ n-lAU, Gax- Xl NffflJl 1 3 4 , n-fA 
1x2 G a i-x 2 Ntt^I 136, n 13 7, K— 7°) A 1 * 

2 Ga,-x2 NTOI13 8, p -MA 1x2 G ai -x2 Nfffl|14 0, 
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p-SG a Ntta 1 4 2 (tfcl4p-lGaN(I>efUMtfcI) *5«fctfp-« 
il44 ^rW-TSo 
[0136] 

frltcmm^&Wjfe b 1 5 0 0«EB&iaT-fcSo 1 5 2fcLfcijg|£ 

S 1 5 4 - 1 5 8 2M»Jf * K— 7°G a Ng 15 4, 10 Q3r^7^ V a — 

¥(DW-<D3z Y—ZfA 1 G a Njl 15 6, 1*12 0 0^">-^^ h n — A 
Ot-y-I©n + A 1 G a Ni 1 5 ^*t5o ^«3tl4, 0a^£*L5.k 

KW^iil6 0 > y-Mil6 2, y-^Iil6 4^tf5 0 
[0137] 

H)8 (i^lgBJWTK^/L'J; <9#bnfcn-M (A 1 G a I n) N?^n— 18 2 
^±^?F^^tLfciiim^ l-^f77^7 1 8 0<Z)»&E] Tfctt 
^-—5; -^3^^M84 «r^*>, -^cOj^fi n (A 1 G a I n) N B 

mm 1 8 6 t v-a jy h=¥ — g&fel 8 8 &#-f% 0 
[0138] 

E9f4*:%Wi-«tSJK^/l'^P>#e>tL^:n-S!G a N?^> — 2 0 2©±|l| 
fijc&ft/LA 1 G a N/G a N^t 1 n ^ %/ a WW*?— 7 h^Vv^^ 2 0 
0(D«m&IHT*fc5o f^^roiilttn -IG a Na 1/^.^ 2 0 4, 3^^a 
>^ ^ h 2 0 6 , 1 0 0-3 0 0 n mi¥) p -iG a N^<— 7.^ 

^2 0 8, 7snM2 1 0 $rtt§ 0 *15|i$^_kfC n -SA 1 G a N^5; 

5/^2 1 2 <b^5 s/*Sffi2 1 4 Sr^-T^o ^5 k*<—*WftfKlk<Dl$k&la 

^— X 2 0 8(DG a N^ib^ ^2 1 2WA 1 G a N*R/&^>tf LTffi#4 
[0139] 
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7-f7©±tf^ (0ll*.fi£3 0 0 - 5 0 0 5 ^ n ^m<D) GaN^|I^5: 

(-^feS:^, HVPEi/^rArtT\ fcSWiHVPE^^^i^b^l&ii-ifsK 

rims, /^^-^^-^i^^fi, rr^isizE^^fc t^tf, 

[0140] 

<t <m w mmmm & £ ut# «t o -c ^ $ *x 3 ^ & ^ 5 r £ # sa? £ *l s -r? *> *> 

[1211] Hllte> HVPEi W— !f-^#y -7 h*"7K& 9$S{i££nfcG 

[12! 2] 0 2fi» &&m<D— <DmMm\Z£Z>tf$/ls<Dmig<Dtl£><DG a N 
H V P E x A tf>1KH&|2] t* th 5 o 

[03] 0 3tt, M©-©^Jia5HVPEJp^«ia 9 St 

[HI4] 04li, »0^^^V7/U75>b#^H/C>^^^-_h^?F^$tLfc^ 

n L E D OMB&HI t?*> 6 o 
[(215] 121 5 ft, »^^4<^/w^^#e>nfO^/N-Ji^Mig^tLfc- 

is— -if — • y-f a— K©««na-e*>s 0 

[1216] 1216 tt, *5SKW2K^y^e>#e>ttfe^^^--±^S!iit$ix^ 
[1217] 121 7 fi, *&m<D#9/ufrbftbiritt.9^^--±iz.m : m£tiit.m 
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[12191 ni9{4, &mm(D- (Dmrnm^xz t$ iy/ufrt>m<b fate n-m.G 

a N^7^-^—±{ZMyt^tltcA 1 G a N/G a N^^nv^i/^a WW 
7 h^^v^^^cDftB&EI-efcSo 
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[itHBl ¥fKH^4^150 (2 0 0 2. 4. 1 5) 

[^mrniE 1 1 

/W^p B pf (A 1 , Ga, In) N /WT? £> o T , pJl'&m&i'— KJSSiH 

(A 1 , G a , In) N/K^/K, 

[ff3j<Jg2] 5 cm 2 Sr_hHI5«|»fieaS:^ri-Sf»*«lSaiK05JK9/K 

3 ] 5mm^±05ft^tt5 ft*:! 2 f2«c<D # ? ;U a 
im&m 4 ] VPEtio Ttfcft Lfc»#JS l |B*&©# pvw. 
[fi*JS5] 1 c m£j@;i5ff^£lmm£jg;t5g£3rWU ISKMfc 
«S«.^T% 1cm 2 %>1tQ 1 0 7 *f«^R&©-h®>:R&«BSS:*i-58»*«l|E 

[ff^7] 1 0mm^j®^5ft$^*i-6l»*JSl tdiEgtf)7tfr>,u o 
[fS*JS8l UMBOS'— K*£Aj6 s , c-$4, a-«K m-itt, r 

b^s^^^s^^tLfeBaiRisr^b, ss-*£A*Aa>e> i ommmx-mm intern 

[ft*^9] c -«|^eiRl$*L/t*>— K^A^N-SXfi (A 1 , Ga, 
In) -®-e^b/cft*JS lfES^^^/K 

[ff*JSl0] n-M^lf*JSllE®<D^^/K 
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m&m i i f-iam^ # * /u B 

[|»*JS 14] 1 cm' fcfc^lMEl 5 ~^ 5 E 1 9 <DmMMrf'Wt&.$: 
± C 6 «t 5 K K-^S $ frfcfitJfcJg 1 IBttOzK 

[If 15] lcm 3 fcfc^5E17 1 E 1 9 ©111^1^4 
J: K-^S$tL7tff*Jll fB^^^/K 

7] -<y y ^*s/*AftT*ffi«&*»&fc 
1 8 ] Mia k-^°> ha^w^&JRft^y— ^fcfflv^-c 

*Q;Jg£*LfcW#JSl 7fE«<Dtf^K 

[If 19] lcm 3 fcfc^lEl 5 1 E 1 9 <E>gifiIE?L»ft& 

[Ifjfcjg2 0] lcm 3 £>/c<9lft5E 1 7 1 E 1 9 (OMMJEUM^ 
[If 3fcJS2 2 ] MIE K-/^ h@(D^b^K^fflV^-C K-^S^tLTtlf 

[if*gC2 3] stria k-^^ h«^p-it*iv^© k— Nia^y- 

o 

[M*«2 4] lE3i^|^ ($f)W^t<il lE6g±©) o 
hm- c mi <9^C#V^Sin^W-f ; 5ff*JS2 1 fagc<D/K^A- 0 

[f»*« 2 5 ] K*£iH t KJ»*"ej*ft-f-5 # V^VsVt t 

^-atP (A 1 , Ga, In) N^^K'fcot, tffflES'— KW#* £ Hula*!' 
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-T5 (A 1 , Ga, In) N 

[i*^2 6] m^mmumn, v^^—y--xttn<o&<ni&&M\s< 

[ff*^2 7] S&IE^WSfi* VPE, CVD % PVD, MB E > MOV 
Jg2 7fEigc<7>#'7/K 

£^tpW*Jg2 5 IHifetf) 

[fS*^3 0] lcm 2 fcfcijio 6 *fS©^tS>:lte*SSr*i-S8»*3fi 

[§f*JS3 2] 1 c m^rj@^5E#*5j;t>*l mm^X.5ft^SrtU ^ 

[§S*fi3 3] c-W, a-W> m-«U r -ttj&>kfcS8£?&»e>i!l#l<**L 
SBSfRl «T^-r 5 V- Ktt*-Cric*b, I-|g^tt, N-g, *Jctt>* (In, Al 

, Ga) i~i omx-mm^ntim^imm,(D^^/\y 0 

[IS*3S3 4] itufE (A 1 , G a , I n) IttH (Al, Ga, In 

) N£^tpt»3fc^igagc<D7tf 

[lf*JS3 5] HUfB (Al, Ga, In) mtfati* G-a NSr&tffflfjfc* 

[f»#«3 6] «K-t>^iaO K-»^ixf: (A 1 , Ga, 
I n) itt*^^3iii l >x^- 0 

[S»*« 37] lcm' fcf;0|]lE15 ~#J 5 E 1 9 <E>^JM J F-*&£ 
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[ff**S4 0] m.t&T^-7U-YKX (A 1 , Ga, In) N©^^ 
[»**4 2] c-«K a-W, m-tt, r SS^feiltR^ft 

-WN-ffiW (In, Al, Ga) -®<E> 0 h'Jftj: < £ t> 1 O^-f 5IS*JS 
4 1 fEjcO^^— o 

[i»3RJS4 7] (A 1 , Ga, In) N # ^/P/O^^fijc $ ttfcyVW * & 
S« (A 1 , Ga, I n) NcD i)x/n — T'fcot, trffS (A 1 , G a , I n ) N/K 

»<Z)«jSgPSr*-r5 (Al, Ga, In) *^- 0 

[If*Jl4 8] lOxlO^m (D^m&tc «9 5 A*i^RMStS^ 
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[gff#Jg4 9] lmSrjB*.5ft*^SSrWi-5»*«4 7|a«c^^^- 

o 

[M*JJ5 0 1 ±0. 3^^ <9 ^»{C@fi[p]$n^TO^^'i-5ff*JS4 7 
7!Egctf> l >^^— o 

[W^JR5 3] 5%*^<D^^/N-^^©TTV^Wr5ff*^4 7 

[f»*«5 4] 5 0 nm^m^fcV &mirZ>m$;lg4 7fS$t(D^^/N- 0 
[ff3|<JS5 5 ] 10 fim^'ffi<DfcV) ^Wi-5fS*^4 7 f2*c<7> ? :^- 0 

[IS*il5 7] fulfil ^a^u^ Fp^^ • fVM^tigit, IS*;^ 

#m=^7K-^>- h^I>*ffitU^S^75^^6P^^il^^^5l**^4 7 (75? 

[ff*J§58] (A 1 , Ga, I n) N#^yK7?Mjt^j£-C*fcoT, 
HUSa#?^/8<7>^ (A 1 , Ga, In) N v KIpHB^'^'Wi" <5 X ;y !7° i > 

Sr/HUfE^- Ktvl^ff^^f^icD^fp]-^ HUiav- K^ffa-hl? (A 1 , G a , 

^<7^g&£^i-5j&g£«*^7 0 £:, ^^ti>^& 0 

[If5j<g(6 0] HUfEfifcfi -y z7i~i „ 1 H#P^fcfc <9 5 0 » m^iSM 
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[i*56l] mm (A 1 , Ga, In) N^ttGaN^ ^ftll 

^9 o o~m i io o o c^M$EfflT-HfT£n5fi*gc5 8te^<D^-& 0 

[|f*«6 2] ftufE (A 1 , Ga, In) N^iiA 1 N^^> 
[ff*JS6 3] SfflE(Al, Ga, I n) Ntfflttl nN$r^, 

[f»*«6 5 ] MfEv— K^iH-hT^ (A 1 , G a , In) NfchN-cDj&S 

[1**^6 6 ] ffjfEv'— V%£&±-?(D (A 1 , G a , In) Nttn<Df&& 

[|f*JS6 7 ] HUfEv— K^^B-hT*^ (A l , G a , In) NfchN-tDj&ft 

[ft^JS6 8 ] fufEv— h*f£M,±X'(D (A l , G a , In) N^(D^S 

[tt>fcJS6 9] ^ft^^ffffS^^yUfi (A l , Ga, In) N|tH©tft 
-Xt<Drmzffij£<D&M&mft1rZ>tl!biZ^ (A l , Ga, I n) N^^/itf) 

<d& * <d mmw-co y—^fah &m-t & st # js 5 8 mm.<Dijm 0 

[|S^7 1] ffim^VMi 1 mm^®^5S^*-X:^-r5ff5}<3S5 8 
[|f*^7 2] HUWS^'>/Ki4mm^@^6S$*^fti-SfS*«5 8 
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[ts*3S 7 4 ] we#i>/n4fl(rflBj*ft*®^te*ae*s i c m 2 $>tc <o i o 

[ff^Jg7 7] iWE^-MgAfi, c-«U a-«U m-tt, r-iftb^b 
tbfcBElRjSr^r-rsf*^5 8UMi<DJfm o 

Al, Ga, In) -®T?^ff £ ftStf* 1 ! 5 8 |E«(7)*-?fe 0 

g-r sis^js 5 8 mm,(Djj& a 

[fS*JS8 2 ] v— K^^B±T^S LfcfufE (Al, G a , In) N$t^ 
{2, tttfyT'^hfCO (A 1 , Ga, In) NcD^i, fRW, ^ 

[ff*JS8 3] SufE (A 1 , G a, In) N*t»f4W«B'>— K££ifl £ itufE 

»b4^*t3N-«b<z>fffltc:iP-75e< kt> 1 o<©*ra»&* bT^ft-rsti*^ 5 stents 

[H*«8 4] HfjfE^^< £ t> loOt^ilt VPE, CVD, PVD 



(63) 1^*2 00 3-5 2 7 2 9 6 

, MBE« MOVPE^O!HVPE^b'tC5Sl^bI^$tl57'n-fe^|:J;o-C 

% mnL£&zi>\ &%\<^y- vm&ftxte^- ^mt^mmz^zm^m 

5 8 tiMOjjW:. 

[f»3RJK8 5] fftft^fufa (A 1 , G a, In) NW^MI5^^p p pK 
(gft#Jg8 6] /^v^i^ ^nA % fife, t3R, -*l/jtl/ s a^f, =■ 

y^-/i'&n s »»fc'!c5»*>e>»#i*Jx5 K-^°> h®^^ri-?>Huia (g a , a 1 

[IS*fl8 7] (A 1 , Ga, I n) NWJN-OgflE^gtt (A 1 , Ga, I 

^coy—^<D^.m<Dmnt, imm&>ti<o 2 o»m&mz-z (ai, Ga, in 
5©^*^, fiKft^^fi-5tf*JS8 7 safs^ifeo 

[m>&m9 2 ] itfffE^aiyN— (DffiSftfS i o x 1 0 n m s * £>tz<Q 1 OA* 
>RJS 9 1 WM<D^ 0 
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8 9 SE«t^*ifeo 

[|f*JS9 7] itfjfE (A 1 , Ga, In) Ntt^ttG a NSr^tfg**^ 8 

[i»^jS9 8] mmv^^-zmmz-t*^ tzz hK^mn^ms 9ie 

tfff JfcJS 9 9 IHic^^&c 

iut*«i 0 1] itscMP^ 7 y -MMo*isi4CMP7 7 y -a 

-T 5 r. £ * $ h ^-a trSS*^ 8 9 |E«O^ffi 0 

[|f*Jgl 0 2] ^fc c ^V^/H#g(7}fci6^3gL/^ffi££D;5 «fc ?K 

(--a tft»*5c 8 9 mm<vjjfeo 

[»*«io4] Hutaxv^^ti, mity^Jr- K&tfU'-if-^bfcS 
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